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IN1RODUCTION not occur unless the outflow pipes become submerged 
and the flow reverses direction or ceases. The other 
A typical cross section used on most of the inter· implies that if only a little space or cavity volume is 
state in Kentucky consisted of dense-graded aggregate available in the pavement understructure, only a slight 
that extended through the shoulders and day lighted on amount of water will inflltrate; ali excess will dissipate as 
the embanlanent slopes. Crownlng the subgrade encour· surface runoff, and the remnant within will dissipate 
aged lateral drainage. There was no proof that water quickly in wicking soils (through capillary suctiqn). 
percolated tfuough dense-graded aggregate. None was The duration of saturation is lessened, and traffic has 
observed emerging at the sides. Figure 1 illustrates a less opportunlty to do irreversible damage. 
condition found during construction of I 64, Frankfort· If water enters 311d flows freely through a porous 
Louisville. Soil had been spread (lapped) over dense- layer under a pavement (or between layers) and no 
graded aggregate that had been daylighted. Drains free-outlet is found down grade, a hydrostatic pressure 
opened through the soil dam (sand drains) produced will develop and induce artesian spouts of water out of 
wetness, as shown in Figure I, that enhanced growth of cracks in the pavement at low points or else the pave-
grass at those spots for many years. ment layer will be lifted and the pressure will be relieved 
Artesian water was observed issuing from joints as by a floating lid. Pressure domes (water blister) 
in concrete pavements adjacent to raised (turf) medians approximately one foot or more in diameter have been 
(US 60, Versailles-Frankfort Road) and seeping through observed in asphalt pavements. 
or under asphalt curbs around raised medians (Circle Water has not been observed to flow through 
Road, NW, KY 4, Lexington). dense-graded aggregate base courses when cross sections 
An additional problem is illustrated in Figure 2. of pavement have been exposed for inspection by 
Cracking and breaking of asphalt surfacing near the con· excavating a trench across a lane. Water has been ob_, ____________________ _ 
crete pavement is attnbuted to ice growth and lifting; served perched on the dense-graded aggregate after saw 
it has not been proven that this water comes from with- cuts (with water spray) were made and pavement slabs 
m dense-graded aggregate. It is more'"'p';r�o:;:b';a;;bl�e-;th; ;at;ow�at;e'cr---;=;lif�t�e'id"a"w"'a""y-'.';p�e"'rs':-ois�t"'en"'tfLw-'e';'tn"'e"-s""s "'al"o"'n-'g"Sth'-e�inn�e"r "'e";d"ge=o�f 
entered from the surface, perched on the dense-graded shoulders suggest surfacing (emergence) of interlayer 
aggregate, and overflowed the shoulder surfacing (1). water. Crumbling of the shoulder surface results from 
Edge drains entrenched along the main pavement the growth of an ice layer under the surface and subse· 
would surely carry water away if leakage exists and if quent melting. 
percolation were assured. Although free-drainlng inter- Edge drains and the so-cailed Cedergren theory of 
layers are recognized, spreading and leveling is more under-pavement drainage are being used experimentaily 
difficult. Dense-graded aggregate remains a marvelous in Kentucky. The initial Cedergren-based project was on 
base material and surely would not be abandoned unless KY 55 south of Campbellsville. 
other bases are proven to be far superior for long-term All pavements may become flooded (inundated) 
performance. and some saturation occurs during heavy extended 
Raised medians would probably not be chosen rainfall. Hydraulic pressure exists under a pavement due 
by pavement designers. The purposes and functions of to slope of the roadway and live loads on the pavement. 
medians and shoulders sometimes seem to have been Heavy loads do severe damage when this condition 
compromised in ways proven detrimental to the pave- exists. Duration of saturation and floatation is critical; if 
ments. pavements carmot be sealed (made leakproof), the 
duration of saturation may be minimized by underdrains 
(pipes) or by wicking layers (soils or fabrics). Wicks may 
WAIER UNDER PAVEMEN IS 
In designing pavement structures, an under­
standing of the presence and role of water in and under 
the pavement will serve to avoid improper decisions. In 
time of heavy or persisting rains, pavements, subgrades 
and bases are likely to become saturated. When water 
floods the surface, the ground is soaked. Early spring· 
time is blamed for pavement breakup. Loading, espe­
ciaily heavy hauling, is most damaging then because the 
understructure of the pavement is weakest. The most 
severe weakening results from ice formation, swelling, 
heaving, and thawing. Some states have established re­
duced load limits during this critical period. 
Two principal concepts prevail. One implies that 
the capacity for outflow from under a pavement should 
be greater than the inflow or leakage. Saturation can-
be VIsualiZed as a mecharuca! deVIce sunilar to a siphon; 
but they do more than a siphon. Wicking mobilizes 
powerful forces to dissipate or transfer water from a 
zone of low meniscus tension (excess water) to a zone of 
higher tension (deficient in water). 
Trench-type construction holds water; water may 
be conducted away by wicking soils. Bleeders (French 
drains) depend on gravity flow. Base courses may be 
"daylighted" through embanlanent slopes. This pro­
vides a continuous bleeder to the side. The good per­
formance of pavements in the inner Bluegrass Region of 
Kentucky may be attributed to high wicking capabilities 
of the indigenous soils. · 
Pumping by concrete slabs is attributed to satura­
tion and squeezing of water out from under the pave­
ment. Elastic and resilient compression (strain under 
load, as in a sponge) may pump water upward through 
Figure 1. 
N 
I-64 between Fran!ctprt and Louisville ( 1 963) Showing Weepage 
Drains through Soil �verlapping Otherwise-Daylighted Dense-Graded A\!lgregrte 
Base. 
Figure 2. 1"75, Milepost 167.7; Joint Deterioration; Limestone Fines from DGA Base Showing as 
White� Wash on Shoulder. Road Rater Shown Testing for Foundation Support. Breakup of 
Shoulder Surfacing is Caused by Water Freezing Underneath, Lifting, Melting, and Then 
Breaking. 
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holes or cracks. Cavitation occurs by fluslting aggregate 
and (or) soils from underneath. 
ROCK SUBGRADE 
under the National Experimental Evaluation Program 
(NEEP 14). The project was designed by the Kentucky 
Department of Highways' Division of Design during 
1976 and awarded to Raymond Construction, Inc., 
Louisville, late that year. Nally and Gibson Surfacing, 
The foundation for a pavement may be soil, Inc., of Springfield, Kentucky, did the paving under 
gravel, or crushed rock. Bearing strength or stiffness subcontract. Construction started in the spring 1977 and 
generally increases from low to medium to high in was completed in late 1978. 
the same sequence. Crushed rock foundation may be Objectives were four-fold. The frrst was to design a 
achieved along the top of an embankment if the ex- paving project for a two-layer drainage system using 
cavations for the roadway yield sufficient rock to be locally available materials. The second was to make 
fragmented and hauled to nearby fills in the desired it cost effective in relation to the state's conventional 
order. Usually the top two feet of the embankment is design. Thirdly, the design had to be one that could be 
specified. The rock is less erodible and will sustain other constructed with conventional equipment. 
construction traffic. The principal advantage lies in The fmal objective was to evaluate the perfor-
savings of materials (thickness) otherwise needed in mance of the completed project to determine whether 
the pavement structure. If there were no need for or not it would be superior to the conventional design. 
some leveling and correction of the imperfections in The frrst three objectives were successfully accom-
this type of foundation, the pavement (portland ce- plished, and the project will be under evaluation until its 
men! concrete or asphaltic concrete) could be laid overall performance can be determined. 
directly on it. The thickness of pavement then would be Different cross sections were developed for the 
-- ---nmucectl!nrslgntt'tciDoportlon.!loWever;coillld'"en"c"'e.----.fim-nve-Ieng!liS of the proJect. Each of those hve ------------------
in the quality of rock subgrade achieved is not high designs was repeated in the other sections to provide a 
--e.,,m,uugh to penult full advantage to!Je reatizeQ.-Sllll:ler· broader base mevaluate the results (Figure 4). 
and unsoundness of the rock (poor resistance to wealh· The control sections (No. 1 and No. 6) are a 
ering) are feared. conventional design for low-to-moderate volume high-
In terms of CBR values, soils range up to 15 or ways. That design consists of 11·1/2 inches of dense· 
20; gravels range up to 65; and crushed rock range from graded aggregate (DGA) base constructed in two com· 
65 upward. A CBR of 100 or greater typifies crushed pacted courses, a 6-inch bituminous concrete base 
rock base material. Ideally, aggregate-quality rock sub· constructed in three 2-inch courses, a one-inch bitumi-
grade would qualify for CBR 100. Sandstone employed nous surface and a 3/4-inch open-graded plant-mix 
on KY 80, Hazard to Watergap, was near this quality surface. The DGA base is a crushed limestone that was 
but was not credited so highiy. Contamination by shales plant mixed and density controlled to not less than 83 
and decomposing rock favors conservatism. percent of solid volume. 
Rock subgrade of relatively good limestone mate· Four alternate designs were developed for the 
rial is credited with a CBR of 11; some shaley mate· other experimental sections. In each case, part of the 
rials with limestone and or crumbly sandstone would DGA base was replaced with a 4-inch to 6-inch thickness 
be credited with a CBR of 9. These are conservative of No.-57 crushed limestone as the drainage blanket. The 
estimates and are used as rules-of-thumb. No.-57 aggregate, which is the coarse aggregate used in 
Undercutting bedrock in cut sections is practiced structural and paving concrete, is readily available at 
to assure drainage of any basins created by blasting and most quarries, was easy to use in construction, and 
eJ<ea>atiens. Refllling with eearse reek and leveiing with probably wil:l be specified in a ¢inch thickness on future 
dense-graded aggregate may suffice altogether for a projects. 
foundation for a full-depth pavement. Basins left un- Bituminous concrete was used over the drainage 
drained must be covered with sufficient pavement to blanket and the pipe system to protect them from 
keep water, which may be impounded there, from damage by traffic. The pipe system consisted of a 4-inch 
freezing and heaving. The depth of freezing will occa- perforated, corrugated polyethylene pipe placed longi-
sionally exceed 6 inches and rarely may exceed 12 tudinally in a V-shaped trench near each pavement 
inches. Damage will not occur if there is not an excess of edge, as well as transversely between pavement sections 
water under the pavement. of varying depth. Positive outlets with headwalls to 
PROJECT IDSTORIES 
KY 55, COLUMBIA-CAMPBELLSVILLE ROAD 
A 5.2-mile length of KY 55 in the south-central 
part of the state (Figure 3) was selected in early 1976 
as Kentucky's project to be designed and constructed 
drainage ditches were used. The pipe and drainage 
blanket within the shoulder limits were protected from 
traffic by 3 inches of bituminous concrete. The typical 
cross section is shown in Figure 5. Locations are in 
Table 1. 
The relative costs of the five variable sections 
ranged from $17 to $19 a square yard, based on the con­
tractor's bid, and are both below and above the cost of 
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Layout of KY 55, Taylor County; DP 55 · 1(9); S. P. 109 · 128. 
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PAVEMENT DESIGNS FOR EXPERIMENTAL SECTIONS 
<D ® ® @ ® ® 0 ® ® @ 
3/4 ln. B i t uminous Open- Graded Surface 
I ln. Bituminous Coricrete Surface I 2 ln. Courses of Bituminous Concrete Base/ 
�""""' "'\"""" �"""� �""""' """" """  """""""" �"""" l"-."' � l"-."' � � """""' 
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Figure 5. Experimental Sections 2 through 5 and 7 through I 0 Have a Two-Layer Drain­
age-Filter Blanket and Shallow Underdrains in Grader-Cut Sloping Trenches. 
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TABLE 1. LOCATION OF 4" PERFORATED CORRUGATED PIPE 
(KY 55, TAYLOR COUNTY) 
TRANSVERSE 
SECTION COLLECTORS OUTLETS lNTERCEPTORS 
NO. (STATION) (STATION) (STATION) 
306+00 302+75.7 
302+75.7 310+{)0 343+50 
2 to 314+00 
329+33.5 317+50 
321+50 
326+00 
330+00 343+50 
329+33.5 333+50 354+00 
to 337+00 
3 355+9!.4 340+00 
343+50 
347+00 
350+50 
354+00 
"---- --"" ___ "_ 
359+00 
355+91.4 364+00 
to 369+00 
---------- ----
382+49.3 374+00 
379+00 
382+50 382+50 
382+49.3 388+76 388+76 
5 to 390+50 402+75 
409+07.1 394+50 
398+50 
402+75 
435+65 435+65 
435+65 444+00 458+15 
7 to 449+00 
462+22.9 454+00 
458+75 
465+50 479+00 
462+22.9 468+50 487+50 
to 471+50 
8 488+80.7 474+50 
479+00 
487+50 
495+00 
488+80.7 498+50 
9 to 502+00 
515+38.6 505+50 
510+00 
512+50 
576+00 541+00 
515+38.6 521+00 
10 to 526+00 
541+%.49 531+00 
536+00 
541+00 
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the control sections. The contractor's $6 per ton bid for 
the drainage blanket is 50 cents less per ton than for 
dense-graded aggregate, which reflects the plant-mixed 
and density-controlled requirements. 
Mter completion of the subgrade, a shallow tri· 
angularly-shaped trench was cut into it at the pipe 
location along both shoulders with a motorgrader, and 
the DGA base was spread and compacted over the com­
plete area. (Underdrains were not installed in the control 
sections.) A similar trench was then cut into the DGA 
base and the excess material put on the shoulder where 
it served as a reservoir and provided lateral support for 
the drainage blanket. Although it was not anticipated 
that the DGA removed from the trench would be placed 
on the shoulder, it did such a good job of providing 
lateral support for the drainage blanket that it will be 
specified on future projects. 
The ftlter blanket was primed with 0.5 gallon per 
square yard of bituminous material and left to cure 
prior to placing the pipe in the drainage trench. This 
prime served two purposes; it held the DGA together 
under construction traffic and it prevented the top from 
-- � It also Should aid m reducmg the loss of fmes 
by erosion as the drainage blanket functions. 
----- ---Mer the prune haC! cured, the p1pe was placeo m 
the trench and the drainage blanket was placed in the 
roadway portion with a conventional spreader-box 
pushed by a dozer. That operation was satisfactory 
as long as the trucks were confmed to the roadway 
portion; however, trucks were not allowed to operate on 
the shoulder portion over the pipe. 
A 4-inch perforated, corrugated, polyethylene 
plastic pipe was used as the subdrainage system. That 
pipe was rather inexpensive and was installed in long 
lengths. The contractor, though, had to use an offset 
conveyor-type spreader-box to place the drainage 
blanket on the shoulder portion over the pipe with the 
trucks operating from the roadway. 
The drainage blanket was rolled and compacted 
with a 10-ton tandem steel wheel roller. Even then, it 
was neither practical nor possible to maintain any type 
of traffic over the unprotected blanket because of its 
instabi:lity. It was a:lso vexy difficult to hold the stone hi 
place and at the proper section while placing the bitumi­
nous concrete base overlay. The contractor wisely 
elected to use a track-mounted paver, which gave excel­
lent traction without undue damage to the loose stone 
blanket. It was essential to operate a roller ahead of the 
paver to shape the stone and improve the stability by 
aggregate interlock to allow the bituminous concrete 
delivery trucks to back into and unload at the paver. 
Crushed limestone made it practical to construct the 
drainage blanket with conventional hauling and paving 
equipment, although it was necessary that truck drivers 
use caution when operating on the blanket. 
In placing the bituminous concrete base, it was 
found necessary to waive both the density requirement 
(minimum of 95 percent of laboratory density) and the 
thickness tolerance penalty on all three courses. Density 
and thickness measurements were obtained, and the flrst 
course of bituminous concrete base was usually the only 
one that fell outside the specified densities. Field den­
sities are given in Table 2. 
The flrst course of bituminous concrete was cured 
for three to seven days, depending on the ambient 
temperatures, to gain strength. Allowing the bituminous 
concrete to cure permitted the second and third courses 
could be constructed in a conventional marmer. 
The drainage blanket and pipe system in the 
shoulders were protected from !raffle by one course of 
bituminous concrete base and one course of bituminous 
concrete surface, in addition to the seal coat. To help 
assure that the pipe system remains functional at all 
times, a concrete headwall with a reflector mounted on a 
steel post was placed on each outlet as a guide for 
mowing equipment. , 
AU sections have performed well under traffic. 
Periodic monitoring will be necessary before the per­
formance of the different sections can be fully eval­
uated relative to their costs (2). 
The pavement structures (Sections 1 and 6 were 
eSJgne to wit stand 22,695,378 EWL s (or 709,230 
EAL's). The design CBR of the subgrade was 6. The __ 
accumulatiOn of EAL's has not been greatly accelerated 
by overweight axles; and it is presumed that the !raffle 
age and chronological age are about equal. 
Road Rater tests were made on June 27 and 28, 
1978. Some were taken on subgrade, some on DGA, 
some on the drainage blanket, and some on top of 
2, 4, and 6 inches of asphaltic concrete. The intent was 
to determine weaknesses over the drainage blanket (if 
any) that might arise from porosity and or incomplete 
compaction. 
Measurements were made on the completed sur­
face on September 18, 1978. The most recent measure­
ments were made on November 5, 1982. A strip chart 
showing pavement behavior on September 18, 1978, is 
given in Figure 6. A summary is given in Table 3. The 
1982 data are shown in Figure 7 and in Table 4. Those 
data were analyzed by elastic theory, and the effective 
behaviors of the sections are presented in Table 5. 
l'avement 5ehavwr 1s expressed as the effective thickness 
of reference-quality asphaltic concrete on the as­
constructed thickness of dense-graded aggregate. The 
subgrade strength is estimated so that the theoretical 
deflection bowl best duplicates the measured bowl. 
Estimates of available and remaining fatigue life are also 
presented in Table 4 and are summarized in Table 5. 
The middle portion of Table 5 presents structural 
evaluation data obtained immediately following comple­
tion of construction. At that time, the pavement was 
curing and deflection measurements varied considerably. 
It will also be noted that estimates of fatigue life vary 
considerably and may be unrealistic. Situations may also 
be encountered where the behavioral CBR or subgrade 
strength is much greater than the design CBR used to de­
termine pavement thickness requirements. For such 
conditions, deflection measurements will indicate a 
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Figure 7. Strip Chart Presenting Results of Deflection Analyses, by Section; KY 55, 
Taylor County; November 5, 1982. 
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TABLE3. SUMMARY OF STRUCTURAL EVALUATION , SEP 18, 1978 
KY 55, TAYLOR COUNTY 
MEAN 
BEHAVIORAL MEAN BEHA VlOR 
THICKNESS OF SUBGRADE 
CONSTRUCTED OF ASPHALTIC WORST 
TIDCKNESS CONCRETE MODULUS EXPECTED 
SECTION (inches) (inches) (psi) CBR CBR 
1 7. 75 AC 4. 20 20 ,240 1 3. 5  8.1 
1 1 . 5  DGA 
2 7. 75 AC 3. 99 22,555 1 5. 1  9.0 
4 No. 5 CA 
5 DGA 
3 7. 75 AC 4. 72 1 8,200 1 2. 1  7. 3 
5 No. 57 CA 
5 DGA 
·�·------ ------·-· -------------------- -
4 5. 75 AC 2.64 22,310 14. 9 8. 9 
5 No. 57 CA 
5 DGA 
5 7. 75 AC 3. 95 22,585 1 5.1 9.0 
6 No.4 CA 
4 DGA 
6 7. 75 AC 3. 56 1 9,935 1 3. 3  8.0 
1 1 . 5 DGA 
7 7. 75 AC 4.1 1 1 5,54 5 10.4 6 . 2  
4 No. 5 CA 
5 DGA 
8 7. 75 AC 4.0 8 1 5,90 5 10.6 6.4 
5 No. 57 CA 
4 DGA 
9 5. 75 AC 2. 55 23,160 1 5.4 9. 3 
5 No. 57CA 
5 DGA 
10 7. 75 AC 5.0 2  23,04 5 1 5.4 9. 2 
6 No. 4 CA 
4 DGA 
Note: AC -- Asph altic Concre te P avement 
CA - Coarse Aggreg ate Dr ain age Layer 
DGA -- Dense-Gr aded Aggreg ate B ase 
11 
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KY 55, TAYLOR COUNTY 
TABLE 5. FATIGUE ANALYSIS USING RETLTS OF DEFLECTION TESTING (Tables 3 an 
>ITIONS STRUCTU 
THICKNESS (inches) 
SE 
EFFECTIVE 
ASPHALTIC THICKNESS 
CONCRETE DENSE· OF ASPHALT! 
DRAINAGE GRADED EAL CONCRETE 
SECTION SURFACE BASE LAYER AGGREGATE CBR (xiO') (inches) 
1 1.75 6 11.5 6 11.0 4.2 
2 1.75 6 4,No. 5 5.0 6 11.0 4.0 
3 1.75 6 5, No. 57 4.0 6 11.0 4.7 
4 1.75 4 5, No. 57 5.0 6 11.0 2.6 
5 1.75 6 6, No. 4 4.0 6 11.0 4.0 
6 1.75 6 11.5 6 11.0 3.6 
7 1.75 6 4,No. 5 5.0 6 11.0 4.1 
8 1.75 6 5, No. 57 4.0 6 11.0 4.1 
9 1.75 4 5, No. 57 5.0 6 11.0 2.6 
10 1.75 6 6,No. 4 4.0 6 11.0 5.0 
a Also remaining fatigue life. 
i 
4) I 
I 
EtALUATION 
18, 
1
978 
ESII'IMATED EAL . 
CBR (x105) 
8.1 3.0 
9.0 2.0 
7.3 1.5 
8.9 0.3 
9.0 1.4 
8.0 0.5 
6.2 0.5 
6.4 0.4 
9.3 0.3 
9.2 1.6 
STRUCTURAL EVALUATION 
NOV 5, 1982 
EFFECTIVE 
THICKNESS 
OF ASPHALTIC 
CONCRETE ESTIMATED 
(inches} CBR 
6.2 4.8 
6.6 4.6 
6.6 6.5 
4.7 5.8 
6.6 6.4 
6.4 5.1 
6.6 4.9 
6.6 5.7 
4.5 6.8 
5.2 12.5 
EAL8 
(x!O') 
5.5 
6.5 
7.0 
1.2 
7.0 
5.6 
6.5 
6.8 
1.3 
7.5 
stronger behavior and greater fatigue life than from de­
sign expectations. 
The right portion of Table 5 presents data for the 
most recent series of deflection evaluations. The re­
maining life for the pavement structure may be esti· 
mated using the behavioral characteristics from deflec­
tion measurements and the 480-ksi design curves. 
Smaller magnitude deflections result in stronger effective 
behavior, which in turn can be associated with greater 
remaining lives. It should be noted that the remaining 
life for all pavement sections were similar, with the 
exception of Sections 4 and 9, which were of a some­
what weaker design since the thickness of bituminous 
concrete was reduced two inches. Variations among the 
other sections may be related to variations in thickness 
of coarse aggregate and dense-graded aggregate. 
Unsuccessful attempts to measure the in situ 
permeability of the drainage blanket were made by 
L. K. Moulton (3). Capacity of the blanket exceeded the 
range of the instrument. DGA did not generate sufficient 
flow to enable measurement. 
Down-faulting (as much as 3 inches) of the shoul­
---�-ner surfacmg was oliserved tilllie spnng of 1982 (4). 
It occurred only in the two control sections. There, the 
u-- --]'}GA base was protected o!Uy bya Otilile chip seal; 
whereas, in the experimental sections, the top course of 
asphaltic concrete base extended 4.75 feet onto the 
shoulder (over the edge drain). Raveling was not ob­
served along that outer line, even though the shoulder 
beyond was the same as it was in the control sections. 
The drop-off in the control sections appeared to have 
been caused by raveling (probably due to freezing and 
thawing and encroachments of traffic onto the shoul­
der). Much loose aggregate was scattered over the 
outer half and beyond the edge of the shoulder. Those 
and other conditions are shown in Figures 8 and 9. 
Outflows of water from the laterals and through 
the headwalls on the embankment slopes have been 
voluminous and swift at some sites. Significant erosion 
has occurred at some sites; cattails and lush growth of 
grass are evidences of steady seepage. 
No significant subsidence or cracking has been 
feund o�ez the longitudhtai pipe. It is 3 feet outward 
from the edge of the pavement. 
I 64-175, FAYETTE COUNTY 
I 64-I 75; I 64-4(30)74; beginning at Milepost 
116.28 and extending to Milepost 111.825, contains 
underdrains. The trenches, 18 inches wide, were at 
the edge of the concrete pavement. Perforated pipes 
were placed near the bottom. Trenches were backfilled 
with No.-57 stone. I 64-I 75; I 64-4(60)80; beginning at 
Milepost 111.825, contains perforated pipe in 16-inch 
trenches backfilled with No.-57 stone, inside filter 
cloth. That section ends at Milepost 110.262. layout 
and photographs are in Figures 10 through 20. 
US 60, LEXINGTON-VERSAILLES 
A section of US 60 from Lexington Circle (KY 4) 
to Keeneland (Rice Road) contains perforated under­
drain pipe, No.-57 aggregate backfill, wrapped in filter 
fabric. Another section from Keeneland (Rice Road) to 
the Bluegrass Parkway contains underdrains bedded in 
No.-57 stone, but no filter cloth. A third section, from 
Bluegrass Parkway to the Versailles By-Pass, contains 
only No.-57 stone in a 16-inch-wide trench. Pipe outlets 
are provided under the shoulders. layout and photo­
graphs are in Figures 21 through 23. 
I 275, NORTHERN KENTUCKY 
A 3.73-mile section of I 275 (I 275-9(47)15), 
eastward of I 75 and between US 25-US 42 and KY 16, 
was built with bituminous concrete shoulders (6 inches 
on 9 inches of DGA) with underdrains 21 inches from 
the mainline pavement (see Figure 24). Collectors were 6 
inches in diameter and bleeders were 8 inches in dia­
meter. The dense-graded aggregate base for the bitu­
minous shoulders was placed to partial depth shnultane-
ously with the mainline base. Mainline paving was ���­
completed before excavation of the trench for the 
drainage system. After positionlng the drainpipe, the -�-------­
trench was backfilled with No.-57 stone. Final grading of 
the base and placing of the bituminous shoulder was in 
accordance with the Kentucky standard specifications. 
Figure 25 shows drainpipe running out of the shoulder 
to the headwall. The 5-inch compacted Class I base was 
placed in two 2·1/2-inch courses. A bituminous tack 
coat (0.10 gal/yd2) was applied prior to the l -inch Class 
I surface. Construction and experimental cost data for 
the I-275 project are in Table 6. 
From the junction of I 471 and I 275 to the Ohio 
River (I 275-9(52)22), 3.309 miles were built with 
6-inch concrete shoulders and 6-inch and 8-inch under­
drains. 
I 75 BOONE COUNTY 
The original pavement, 6.25 miles from I 7 I to 
US 42, was constructed in 1960 of I 0 inches of portland 
cement concrete, with mesh and dowels; inside lanes 
were added m 1965. Ihe mslde Shoulder was Wldened 
from 6 feet to 10 feet. Eight inches of bituminous 
concrete overlay, plus an open-graded plant-mixed seal 
on the driving lanes, were constructed in 1978 through­
out the six lanes and shoulders. That was the heaviest 
resurfacing project of that length ever done in Kentucky 
[I 75-7(53)(54)(55)(56)]. Four-inch perforated under­
drain pipe was included along each pavement edge to 
improve drainage around the pavement. No.-57 stone 
was substituted for natural sand backfill because natural 
sand had been reported to be seeping into the pipe, 
causing settlement. Polyethylene corrugated pipe was 
used at the contractor's option because it was less 
expensive than other available alternatives. 
Proof-roiling with a 50-ton roller was required in 
an effort to determine weakened joints in the concrete. 
D-cracking was widespread, and deterioration of the 
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Figure 8. Erosive Subsidence of Shoulder in Control Section; KY 55; 1982. 
Figure 9. Erosion of Shoulder (foreground); End of Section; 4. 7 S�Foot Shoulder 
Pavement in Background over Underdrain Collector; 1982. 
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Figure 1 0. Underdr ains, I 75 -I 64, Fayette County; Milepost 1 10. 26 to Milepost 1 1 6 . 28. 
Figure 1 1 .  Vermeer Trencher, I 75- I 64 , Fayette County; June 8, 1979. 
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Figure 1 2. 
Figure 13. 
Vermeer Trencher , I 75 . I 64, Fayette County; June 8, 1979. 
I 75 - I 64, Fayette County; Trench Refilled Approximately 2 Inches with 
No.-57 Stone for Bedding Perforated Pipe; June 1 2, 1979. 17 
Figure 14. I 75 � I 64, Fayette County; Compacting Stone in Figure 15. 
Trench to Receive Perforated Pipe; June 12, 1979. 
I 75 � I 64, Fayette County; Perforated Pipe Bedded 
in Trench with No. 57 Stone Refill; June 12, 1979. 
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Figure 1 6 .  I 75 . I 64 , Fayette County; 6-inch Lateral Dr ain; June 1 2 , 197 9. 
Figure 17. 175 -16 4, F ayette County; Refi lling Trench with No.-57 Stone; June 12, 197 9. 
19 
Figure 18. 
Figure 19. 
I 75 - I 64 , Compacting No .-57 Stone over Perforated Pipe; June 1 2, 1979. 
I 75 - I  64, Fayette County; Compacted Refilled Trench over Pipe; Encased in 
Filter Fabric; November 15, 1979. 
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Figure 20. I 75 - I 64, Fayette County; Lapping Top Flaps of Filter Cloth over No.-57 
Stone; Shoulder Paving Is Laid over Tins; November 1 5 ,  1979 . 
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Figure 23. US 60, Fayette County; Laying Pipe and Refilling Trench, Single Pass; Septem. 
her 1980. 
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Figure 25. Spreading First Course of Asphaltic Concrete Shoulder Paving over Underdrain 
System, I 275. 
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TABLE 6. CONSTRUCTION AND EXPERIMENTAL COST DATA, I 275 
Date Contract Let: 
Date Contract Awarded: 
Work Began: 
Work Completed: 
Prime Contractor: 
February 26, 1 976 
March 1 5, 1 976 
April 9, 1976 
November 7, 1977 
Subcontractor for Shoulder Construction: 
W. L. Harper Company 
Covington, Kentucky 
Interstate Asphalt Company 
Hebron, Kentucky 
$6,072,004.33 Total Cost of Project: 
Experimental Costs: 
ITEM 
Drainpipe: 6-inch slotted 
6-inch nonperforated 
Class I Base 
Class I Surface . 
Tack Coat 
UNIT PRICE 
$1.95/ft 
$1.95/ft 
$1 5.55/ton 
$17.05/ton 
$0.60/gallon 
TOTAL QUANTITY 
31,855 ft 
778 ft 
7,911 .06 tons 
1.57 4.4 2 tons 
2,888.84 gallons 
TOTAL PRICE 
$62,117.25 
1,517.10 
123,016.98 
26,843.86 
1,733.30 
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joints was far advanced (1). When weak joints were Ia· 
cated, the slabs were broken into pieces with a 2-foot 
maximum size (see Figure 26). 
I 7 1 ,  GALLATIN COUNTY 
Edge drains were installed from KY 35 to the 
Boone County Line (Milepost 56.674 to 69.890) prior 
to fragmenting the concrete pavement preparatory to 
overlaying asphaltic concrete (approximately 4 inches) 
(I 71  -3(29)62). Similar treatment is proposed for the 
section from the Kentucky River to KY 35 and from the 
Boone County Line to the I 71 and I 75 junction (Mile­
post 44.055 to 56.674 and 69.890 to 78.0) and for I 64 
between Shelbyville and Louisville. Photographs of the 
I 71  installations are in Figures 27 through 30. 
Porous layers invariably and inevitably bring into 
issue the possibility of soil intrusions from below (or 
aggregate sinking into soil below). Filter layers are un­
doubtedly helpful in preventing the process. The so­
called asphalt membrane on KY 55 was entirely inade· 
quate. 
Use of porous layers and underdrains also raises 
the question: Where does the water come from? Does 
it leak through the pavement, come through cracks, 
infiltrate the shoulder edges, or rise from below? 
There were evidences of voluminous outflows of 
water from the underdrainage system on KY 55. A 
small effect in Road Rater response was attributable to 
an increase and reduction of 1 .5 inches above and below 
the nominal 5.5 inches of asphaltic concrete (control 
sections). 
OTHER PROJECTS Edge drains are rather easily entrenched alongside 
I 24-2(43)44, KY 293 (Station 3575) to KY 139 existing concrete pavements. Depth of freezing is  a 
(Station 4165), Lyon-Caldwail Counties; 1 0  miles; factor in pavement design that must not be ignored. 
portland cement concrete pavement, portland ce- There are admissible risks. It is too risky construct 
ment concrete shoulders; underdrains in trench with pavements less than 5 or 6 inches thick if a significant 
aggregate; pipe in filter fabric, beginning at Station amount of traffic is to be sustained. Asphaltic con-
---i4l'1 ri s""='+"'s"s'-=;-'r]l19[..,/n9-=. =-==--"-='"--'-"=="-=-===--,c"'r'"'et'"e'l'"e"'ss" than 4 mches thick !Slikely to mcur damage 
I 64, Franklin-Shelby Counties; edge drains install- under successive night-to-night freezing. 
ed m 1979 preparatory to overlayment of portlarur--- Oriless edge drams and porous blankets are pro-
cement concrete pavement. Equipment train is shown vided, every effort should be made to otherwise limit 
in Figure 3 1 .  Open trench is shown in Figure 32. leakage, limit capacity for water, and provide for early 
I 471-4(17)2, Station 143 + 42.56 to Grand dissipation of any excess water, between layers, by 
Avenue (Station 217 + 10); portland cement concrete crowning and (or) by wicking soils or layers. 
pavement; portland cement concrete shoulders; has Current fmdings from KY 55 have not indicated 
underdrains in outside edges only; because of poor significant variations among experimental or control 
draining soils. sections to adequately defme performance associated 
I 471-4(21)3, Grand Avenue (Station 220 + 1 7  to with pavement underdrains. The design and construe-
Station 252 + 63 .09) has drains at ail edges. tion of additional projects may be in order to adequately 
I 64, Shelbyville-Louisville; edge drains installed develop long-term performance histories. Construction 
on tangents, sags, and lower sides of curves and wet of additional projects is therefore recommended. 
spots; pipe wrapped in fabric; pavement to be frag-
mented and overlaid with asphaltic concrete. 
I 75, North of Tennessee Line; Milepost 0.0 to 
50.8; edge drains to be installed as needed - outside 
edges throughout, inside edges at sags only (proposed). 
This project will be evaluated using nondestructive 
testing procedures to determme the effectiveness of 
pavement edge drains on the structural performance. 
I 7S, from Crittenden Interchange, northward to 
I 75-I 71 junction; 4-inch edge drains in aggregate, 
trench; ail edges. 
SUMMARY AND DISCUSSION 
Much has been done; much remains to be done. 
Experimental features and design innovations that are 
enduring or that do not affect pavement and shoulder 
performance critically may not prove decisive in a 
relatively short term of years or at ail. Deductions may 
be made indirectly to guide further developments and 
for the benefit of succeeding generations. 
REFERENCES 
I.  Havens, J. H.; "The D-Cracking Phenomenon: A 
Case Study for Pavement Rehabilitation," Re· 
seatch RepVI t 445, Division of Research, Ken� 
tucky Department of Transportation, Apri1 1976. 
2. Drake, E. B.; "New Subbase Design Uses Commer­
cially Available Aggregates," Highway and Heavy 
Construction, October 1 979. 
3 .  Moulton, L. K.; and Seals, R. K.; "Determination 
of the In-Situ Permeability of Base and Subbase 
Courses," Report FHW A-RD-79-88, Federal High­
way Administration, May 1979. 
4.  Azevedo, V.;  Memorandum Report to E.  B.  Drake, 
March 2, 1982 (KTRP file, H-2-89). 
_ RELATED REPORTS 
Bail, John; Miller, Keith; Scofield, Richard; and 
McMinn, James; "Design Parameters for Longi-
28 
Figure 2 7. 
I 75 , Boone County from I 71 to US 42; R-R-R Work in Progress; Narrow Patch 
over Edge Dram J:nstatled alongsidriurtlatrd Cetnent eoncrete-Pa-v-ement Prepar-- --��------� 
-ratory to Overlayment. 
---
I 71 , Milepost 56 .6 74 to Milepost 69. 890; Installation of Plastic Pipe Sheathed 
in Filter Fabric; Fall 1 9 82. 
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Figure 28. I 7 1 ,  Milepost 56.674 to Milepost 69.890; Jig for Positioning Pipe and Back· 
filling; Fall l 982. 
30 
Figure 29. Tampers and Scraper; Refilling Trench over Plastic Drain Pipe; I 7 1 ,  Milepost 
56.674 to Milepost 69.890. 
3 1  
Figure 30. I 7 1 ,  Milepost 56.674 to Milepost 69.890; Clean·up after Refilling Trench over 
Drain Pipe; Fall l982. 
3 2  
Figure 31. I !34, West of Frankfurt; Tnn-1ching Train Installing Perforated Pipe at Edge of 
Concrete Pavement; Pavement Overlaid with Asphaltic Concrete; July 2, 1979, 
3 3  
Figure 32. I 64, West of Frankfort; Trench Prepared for Perforated Underdrain; July 2, 
1979. 
34 
tudinal Gee-Textile Lined, Subsurface, Pavement 
Drainage Systems," FHWA/AL-80/091, Depart­
ment of Civil Engineering, University of Alabama, 
September 1 979. 
"Development of Guidelines for the Design of 
Subsurface Drainage Systems for Highway Pave­
ment Structural Sections," FHW A-RD-72-30, 
Federal Highway Administration, June 1972. 
Sharpe, G. W.; Southgate, H. F.; Allen, D. L.; 
Havens, J. H.; and Deen, R. C.; "Sandstone as a 
Construction Material: Ky 80, Hazard to Water­
gap," Research Report UKTRP-83-1, Trans­
portation Research Program, University of Ken­
tucky, January 1983. 
35 
